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Background and the purpose of the Study
Complementary medicine received high attention during last decades. We aimed to assess the efficacy of Green
tea mouthwash on plaque-induced gingivitis as the most common form of periodontal disease.
Methods and materials: We designed a single blinded placebo controlled clinical trial. High school female
students with chronic generalized plaque-induced gingivitis were distributed to receive either 5 ml of Green tea 5%
two times/day or normal saline with the same dosage. Gingival index (Sillness & Loe), plaque index (Sillness & Loe)
and bleeding index (Barnett) were recorded at baseline and five consecutive weeks. Comparisons were made by a
general linear model, repeated measure ANOVA and a Bonferroni test applied for multiple comparisons.
Results: Twenty five students were recruited in each arm of the study. A significant improvement was observed in
all periodontal indices during the study (P < 0.001). Two groups were contrasted by changing patterns of alteration
of indices (P < 0.05). Although total amount of improvement was higher in mouthwash group, the differences did
not reach a statistically significant level (P > 0.05, observed power for GI: 0.09, PI: 0.11 and BI: 0.07).
Conclusion: Green tea mouthwash may be a safe and feasible adjunct treatment for inflammatory periodontal
diseases. A future larger scale study is warranted for better evaluating the effect of green tea.
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Gingivitis and periodontitis, as the multifactorial dis-
eases, are mainly derived by interaction between inva-
sions of causative bacteria and host immune response of
varied degrees [1]. Plaque induced gingivitis is the most
common form of gingivitis and is induced by accumula-
tion of microbial plaque containing more than 300 types
of bacterial species [2]. Historical periodontal treatment
dates back to 30B.C, when vinegar was applied to cure
periodontal diseases. Over the time, more specific treat-
ment modalities were developed, including scaling and
root planning (SRP) and surgical techniques [2].
Complementary medicine received a great attention dur-
ing recent decades which recommends supplementation* Correspondence: arashpoorsattar@gmail.com
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reproduction in any medium, provided the orwith various ingredients. Diverse modes of delivery includ-
ing chewing candy, chewing gum, dentifrices and local
drug delivery strips are introduced [3-6]. Tea and in par-
ticular, green tea are among most popular beverages, with
high daily consumption in Asia and especially in Iran. Sev-
eral properties including antioxidant, anticaries, antibacter-
ial, antiviral, antidiabetic, antimutagenic and antitumural
properties are addressed for green tea [3]. Green tea, Cam-
ellia Sinensis from the family of Thea Cease [7] is mostly
cultivated in coasts of Caspian sea in North of Iran. Its re-
medial effects are associated with the polyphenol contents
comprising catechin (C), epicatechin (EC), gallocatechin
(GC), epigallocatechin (EGC), epicatechin gallate (ECG),
and epigallocatechin gallate (EGCG). The two latter are
mainly found in green tea rather than the black tea and
are among most potential contents to be reviewed for
periodontal adjunct therapies in terms of their special
anti-collagenase activity [8,9]. In addition, it is suggestedal Ltd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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periodontal pathogens [10].
Sole treatment with SRP may lack achievement in
complete irradiation of red complex bacteria in depth of
deep narrow pockets; hence adjunct chemical elimin-
ation for plaque induced periodontal diseases seems ne-
cessary. We aimed to investigate the effect of green tea
mouthwash in plaque-induced gingivitis, the most com-
mon form of plaque-related periodontal diseases.
Methods
Enrollment
A Single-blinded (i.e., assessor and analyst) randomized
placebo-controlled clinical trial was conducted among
female high school students aged 14-16years in Babol
discrete during 2009. Students with chronic generalized
plaque-induced gingivitis were enrolled. Those having
systemic illness, antibiotic consumption during last three
month, known allergy to tea derivatives and concurrent
medications with known effect on the periodontium (e.g.,
oral contraceptive, antibiotics, herbal medications, etc.)
were excluded. This project was approved by the ethics
committee of the Babol University of Medical Science
(Protocol No.4678, 22.7.85). Subjects were provided with
written informed consent and all researchers undertook
Helsinki treaty.
Interventions
Final recruited patients were distributed into two arms
of the study; case patient that received green tea extract
mouthwash 5% and the control group who received nor-
mal saline as the placebo. All patients were instructed to
take the medication two times a day, each time 5 ml
rinsed for 30 seconds. They were also taught to floss and
also to brush their teeth three times daily with the Bass
method (i.e., a brushing method including gingival sul-
cus entrance cleansing).
Measures and End-points
All patients were examined and the plaque index (Loe &
Sillness) [11], gingival index (Sillness & loe) [12] and
bleeding index (Barnett) were recorded at the baseline
and five consecutive weeks (i.e., total duration of study
was five weeks). Primary endpoint was defined as the
reduced gingival index at the end of clinical trial and
secondary outcomes were intended as the improvement
in bleeding and plaque scores. Moreover, patients were
asked to report any side effect and were checked for
intra-oral adverse effects in each appointment.
Sample preparation
Green tea mouthwash was extracted from the plant
Camellia Sinensis (Voucher No: 30_s/00280) in the
laboratory of pharmacology department of BabolUniversity of Medical Sciences by an expert pharmacolo-
gist. The physical and botanical characteristics of Camel-
lia Sinensis have been confirmed by an expert
pharmacologist and one small sample of the material was
deposited in the laboratory for possible need in the fu-
ture. Leaves of the plant were chopped, fragmented, and
broken into small pieces, and each 100 g of leaves were
soaked in 500 ml of methanol for 48 hours. Thereafter,
the solution was passed through a strainer and was trans-
ferred to a plate. Plates were maintained in normal
temperature of laboratory for 3-4 days, and then the
crystal powder of extract was scraped from the plates. Fi-
nally green tea mouthwash 5% was prepared (0.5 g of ex-
tract in 100 ml distilled water) and poured into bottles
each contains 240 ml. Normal saline mouthwash was
prepared in the bottles with the same shape, capacity and
color. Actually, preparing an inert placebo with the exact
same color, odor and taste as green tea was not feasible.
In addition, Normal Saline has a very limited effect on
gingivitis and it was used only because of its rinsing ef-
fect (both group were the same in rinsing a mouthwash).
Statistics
We estimated that 25 patients would be required to
achieve 80% power to detect a standard difference of 1.5
between two groups in the rate of primary end point im-
provement (using Altman’s nomogram). Continuous data
were expressed as mean. To trace the changing trends of
periodontal indices, a general linear model (GLM) repeated
measure ANOVA was built. Sphericity (one of ANOVA
presumption) was tested with a Mauchly’test. In the case of
violation, data were adjusted with an Epsilon Greenhouse-
Geisser statistic. Moreover, in order to more precise ana-
lysis of paired groups, the post hoc multiple comparison
was accomplished and a Bonferroni test was utilized.
Results
A total of 50 female high school students were recruited
and distributed into case and control groups each con-
sisting 25 patients. Detailed data regarding alteration of
periodontal indices during the study are displayed in
Figures 1 2 3.
Primary endpoint
According to the recorded gingival indices, a significant im-
provement was observed in both groups (F(2.52) = 166.82,
P <0.001, observered power=1). Overall changing trend in
GI was different between the study groups (F(2.52) = 18.44,
P <0.001, observed power=1), yet the mean difference
from baseline to the 6th week was not statistically signifi-
cant (mean difference=0.07, P=0.54, observed power=
0.09). The week-to-week comparison revealed a remarkable
decrease for all the comparisons (P<0.001) except for dif-
ferences between 2nd and 3rd week (P=0.27).
Figure 1 Changing trends of Gingival index during the study. Week-to-week comparison revealed significant improvement except for
2nd to 3rd week (P = 0.27).
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Analysis clarified a significant decrease in BI and PI of
both groups’ patient (PI: F(2.5) = 221.67, P < 0.001,
observered power = 1, BI:F(3.48) = 373.03, P < 0.001,
observered power = 1) and a contrasting pattern ofFigure 2 Changing trends of plaque index during the study. The inde
week (P < 0.001).recovery was observed between the study groups
(PI: F(2.5) = 2.74, P = 0.02, observed power = 0.82, BI:
F(3.48) = 5.33,P = 0.001, observed power = 0.98). Never-
theless the total baseline-to-6th week difference was not
significant (PI: mean difference = 0.06, P = 0.46, observedx was improved significantly from each week to the following
Figure 3 Changing trends of bleeding index during the study. The index was improved significantly from each week to the following
week (P < 0.001).
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observed power = 0.07). All inter-week comparisons were
exceptional (P < 0.001). Despite of unpleasant taste, no
adverse effects were reported during the study.
Discussion
The present research investigated the effect of mouth
wash containing green tea 5% on chronic generalized
plaque-induced gingivitis. Our findings support the
beneficial effect of green tea to improve inflammatory
periodontal indices after five weeks of treatment. Fur-
thermore, improvement of indices in control group is
because of positive effects of saline in increasing oral hy-
giene. Recently, Kuvda et al. (2011) investigated the ad-
junct effect of SRP and locally delivered catechin via
inserted strips into the surrounding pocket for a period
of 21 days [3]. They reported a significant decrease in
pocket probing depth (P < 0.001), yet PI and GI
decreased insignificantly when compared to the SRP
group (P < 0.05). In addition, a considerable reduction of
causative bacteria was observed. This may point that
those visible periodontal indices improvements are
slightly behind elimination of bacterial. In our study,
intercamparisons of GI revealed no differences (power =
0.09). In commitment with Kuvda et al., remarkable
changes did not occur during the first 3 weeks. Lesser
effect size of our investigation when compared to thoseof Kuvda et al. and Hirsawa et al. (2002) may be sought
in different modes of medication delivery [3,10]. The
continuous flow of gingival crevicular fluid and saliva
wash out indeed decreases the efficacy of mouthwashes.
In the contrary, Kuvda and Hirsawa applied a direct de-
livery system by means of implantation of drug strips
into the depth of the pocket.
Improvements in plaque and bleeding indices applying
green tea mouth wash are in commitment with many
previous researches [4,13-17]. Intercamparisons for BI
and PI did not reach a statistically significant level, yet
changing trends were different between the study arms.
Low achieved powers (PI: 0.11, BI: 07) indicate that a
larger sample size may magnify such small differences.
Moreover, methanol was used during drug preparation,
however the final prepared medication was dried and a
water based solution was prescribed. Consequently, the
proportion of methanol is low with no considerable effect
on periodontium and with probable anti-plaque effect
preventing adhesion to tooth’ surface.
Porphyromonas Gingivalis, similar to other causative
periopathogens, is proved to play a key role initiating the
periodontal destruction. This microbe exerts its destruc-
tive characteristics by means of various protease includ-
ing amionopeptidase, gingipains and collagenase (i.e.,
most potent) [18]. Indeed, oxidative-antioxidative cap-
acity imbalance in favor of excessive oxidative stresses
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periodontal impairment [19]. Catechin contents spe-
cially, ECG, EGCG within green tea inhibits peptidase
and collagenase activity [9,10,18]. In addition, they may
subside proinflammatory cytokines such as interleukin
(Il-1β) and tumor necrotic factor (TNFα) [20]. Moreover,
by lowering Il-6 and decreasing expression of Cyr61, it
inhibits bone resroption and thus osteolysis are observed
[8,21]. Otake et al. suggested that green tea has an anti-
plaque effect due to the polyphenolic compositions and
tannin compounds [22]. A small amount of tannin and
vitamin K within green tea may improve bleeding index
during the study [23]. Kushiyama et al. concluded that
additive drinking of each cup of green tea, would de-
crease 0.023 mm of pocket depth, 0.028 mm of clinical
attachment loss and would improve bleeding upon prob-
ing by 63% [24].
Our study is limited in its underpowered comparisons.
Probably a better and precise comparison may be
obtained from a larger scale study. In addition, the
present research lacks the comparison between the
effects of green tea mouth wash on various periodontal
inflammatory indices with scaling and roots planing
(SRP), as the gold standard of phase I of periodontal
therapy. Indeed, subgingival irrigation using a sterile syr-
inge would improve the efficacy of this medication with
deeper intentional penetration to the depth of periodon-
tal pockets [25]. The main goal of the present research
was to test the efficacy of sole treatment with green tea,
as a convenient and self-applicable means, in addition to
reminding the proper method of brushing and flossing.
It seems that such reminding and motivation served
positively in treating gingivitis. In comparison to normal
saline, green tea showed better effects, however this was
not statistically significant. This may be discussed as the
lacks of sensitivity of periodontal indices to detect
milder degree of periodontium inflammation at the final
weeks of intervention, compared to more sensitive and
specific biomarkers (e.g., interleukins). Concurrent as-
sessment of microbiologic and inflammatory biomarker
would also better reveal the differences between inter-
ventional and control groups that are suggested for fu-
ture researches.Conclusion
This study supports that the daily consumption of green
tea mouthwash may be beneficial to cure or prevent gin-
gival inflammation. Its prescription may be beneficial
and of value in certain community groups such as ado-
lescent students who are more affected by periodontal
inflammation. It should be avoided in patients on antic-
oagulants and with advanced renal failure due to its vita-
min K and aluminum content, respectively.Author’s contribution
Jenabian and Moghadamnia designed the study. Karami conducted the
study. Poorsattar Bejeh Mir analyzed the data and contributed with Jenabian
in literature search. All authors have participated in drafting, critical
evaluation and approval of the final version.Acknowledgment
This study was supported by Babol University of Medical Sciences.
Author details
1Department of Periodontology & Implantology, Dental Materials Research
Center, Dentistry School, Babol University of Medical Sciences and Health
Services, Babol, Iran. 2Department of Pharmacology, School of Medicine,
Babol University of Medical Sciences and Health Services, Babol, Iran.
3General Dentist, Private Practice, Babol, Iran. 4Dentistry School, Dentistry
Student Research committee(DSRC), Dental Materials Research Center, Babol
University of Medical Sciences and Health Services, Babol, Iran.
Received: 22 May 2012 Accepted: 10 July 2012
Published: 24 September 2012References
1. Poosattar Bejeh Mir A: Focusing on Periodontitis as a Vasculupathy: the
Therapeutic Possibilities from the Perspective of a Dentistry Student.
JPBMS 2011, 12:5.
2. Newman MG, Takei HH, Klokkevold PR, Carranza FA: Carranza’s Clinical
Priodontology. St louis,Saunders: Eslevier; 2006. assim.
3. Kudva P, Tabasum ST, Shekhawat NK: Effect of green tea catechin, a local
drug delivery system as an adjunct to scaling and root planing in
chronic periodontitis patients: A clinicomicrobiological study. J Indian Soc
Periodontol 2011, 15:39–45.
4. Krahwinkle T, Willershausen B: The effect of sugar-free green tea chew
candies on the degree of inflammation of the gingival. Eur J Med Res
2000, 5:463–467.
5. Wolinsky LE, Cuomo J, Qusada K, Bato T, Camargo PMA, Bato T, Camargo PM:
A comparative pilot study of the effects of a dentrifice containing green
tea bioflavonoids, sanguinarine or triclosan on oral bacteria biofilm
formation. J Clin Dent 2000, l1:53–59.
6. Khosravi Samani M, Mahmoodian H, Moghadamnia AA, Poorsattar Bejeh Mir A,
Chitsazan M: The effect of Frankincense in the treatment of moderate
plaque-induced gingivitis: a double blinded randomized clinical trial.
Daru J Pharm Sci 2011, 19:288–294.
7. Camellia Sinensis; Available from http://www.en.wikipedia.org./wiki/comellia-
sinesis-43k\.
8. Hosokawa Y, Hosokawa I, Ozaki K, Nakanishi T, Nakae H, Matsuo T:
Tea polyphenols inhibit IL-6 production in tumor necrosis factor
superfamily14-stimulated human gingival fibroblasts. Mol Nutr Food Res
2010, 54:S151–S158.
9. Makimura M, Hirasawa M, Kobayashi K, et al: Inhibitory effect of tea
catechins on collagenase activity. J Periodontol 1993, 64:630–636.
10. Hirasawa M, Takada K, Makimura M, Otake S: Improvement of periodontal
status by green tea catechin using a local delivery system: a clinical pilot
study. J Periodontal Res 2002, 37:433–438.
11. Loe H, Silness J: Periodontal disease in pregnancy. Prevalence and severity.
Acta Odontol Scand 1963, 21:533–551.
12. Silness J, Loe H: Periodontal disease in pregnancy. II. Correlation
between oral hygiene and periodontal condition. Acta Odontol Scand
1984, 22:121–135.
13. Pavel L, Pave S: Usefulness of micronutrients in the treatment of periodontitis
Ned Tijdschr Tandheelkd 2010, 11:103–106.
14. Kushiyama M, Shimazaki Y, Murakami M, Yamashita Y: Relationship
between intake of green tea and periodontal disease. J Periodontol 2009,
80:372–377.
15. Pistorius A, Willershausen B, Steinmeier EM, Kreislert M: Efficay of
subgingival irrigation using herbal extracts on gingival inflammation.
J periodontal 2003, 74:616–622.
16. Liu T, Chie Y: Experimental study on polyphenol anti-plaque effect in
human. Zhonghua Kou Qiang Yi Xue Za Zhi 2000, 35:383–384.
17. Hamilton-Miller JMT: Anti-cariogenic properties of tea (Camellia Sinensis).
J Med Microbiol 2001, 50:299–302.
Jenabian et al. DARU Journal of Pharmaceutical Sciences 2012, 20:39 Page 6 of 6
http://www.darujps.com/content/20/1/3918. Grenier D, La VD: Proteases of Porphyromonas Gingivalis as important
virulence factors in periodontal disease and potential targets for plant-
derived compounds: a review article. Curr Drug Targets 2011, 12:322–331.
19. Mashayekhi F, Aghahoseini F, Rezaie A, Zamani MJ, Khorasani R, Abdollahi M:
Alteration of cyclic nucleotides levels and oxidative stress in saliva of
human subjects with periodontitis. J Contemp Dent Pract 2005, 6:46–53.
20. Maruyama T, Tomofuji T, Endo Y, et al: Supplementation of green tea
catechins in dentifrices suppresses gingival oxidative stress and
periodontal inflammation. Arch Oral Biol 2011, 56:48–53.
21. Lee YL, Hong CY, Kok SH, et al: An extract of green tea, epigallocatechin-
3-gallate, reduces periapical lesions by inhibiting cysteine-rich 61
expression in osteoblasts. J Endod 2009, 35:206–211.
22. Otake S, Makimuria M, Kuroki T, Hirsawa M: Anticaries effect of
polyphenolic compounds from Japanese Green tea. Caries Res 1991,
25:438–443.
23. Cheng TO: Grean Tea may inhibit Warfarin. Int J Cardiol 2007, 115:236.
24. Kushiyama M, Shimazaki Y, Murakami M, Yamashita Y: Relationship
between intake of green tea and periodontal disease. J Periodontol 2009,
80:372–377.
25. Shahab A, Haghighati F, Baeeri M, Jamalifar H, Abdollahi M: A clinical,
microbiological and immunological comparison between subgingival
irrigation with Dentol and chlorhexidine in advanced periodontitis.
Arch Med Sci 2011, 7:154–160.
doi:10.1186/2008-2231-20-39
Cite this article as: Jenabian et al.: The effect of Camellia Sinensis (green
tea) mouthwash on plaque-induced gingivitis: a single-blinded
randomized controlled clinical trial. DARU Journal of Pharmaceutical
Sciences 2012 20:39.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
